Abstract
Introduction
Development of domestic robots used in daily life has been widely developed in Europe and Asia as well as the United States and Japan. As Jordan et al., [1] stressed that cross-cultural study identifies a relationship between design attributes and cultural characteristics, how people in each culture perceive the robots is an important part in robot design. There have been several comparative analyses of cultural aspects of Western culture and Eastern culture in the field of Human-Robot Interaction (HRI). For example, according to previous studies, people in South Korea and Japan accept robots familiarly as friends or collaborators compared to people in western cultures [2] . Likewise Nomura et al., [3] demonstrated the different expectations toward robots between Koreans and
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Robot Design Approach
In perspective of design approach, Fong et al., [4] demonstrated two robot design types: biologically inspired and functionally designed. Biologically inspired approach aims at imitating and reproducing the social behavior or intelligence of living creatures. Biologically inspired robots usually have life-like activity with a naturalistic embodiment. On the other hand, with the functionally designed approach, the objective of the robot design is to express the mechanism of a robot. Functionally designed robots focus on generating a single function rather than having multifarious capabilities. There are several comparative studies between the two robot design types. Compared to functionally designed robots, biologically inspired robots were proved to be more effective in emotion related situation by being more familiar [6] and empathic to people [7] . Breazeal et al., [10] argued that biologically inspired design approach is more effective to make a social interaction richer compared to functionally designed approach. On the other hand, in a vacuum cleaning situation, the functionally designed robot was evaluated more positively to have better service than the biologically inspired robot [9] . However, the studies above are limited to the robot's own features (appearance, behavior, etc.) not the user's features (personality, nationality, etc.) According to Li et al., [11] , taking account of the cultural diversity in users' backgrounds is important as well as considering robot's appearance or tasks when designing a robot. Thus, in this study, we explored how people perceive the two robot design types considering cultural aspects.
Cultural Analysis in HRI: South Korea vs. Japan
Since it is possible that users in different cultures perceive and interact with the robots in different ways, cultural aspects are necessary to be considered in the field of HRI. According to MacDorman et al., [2] 's study, eastern culture accepts robots familiarly as a friend or a colleague whereas western culture has negative impression regarding robots as a creature against the God. Based on their original religion Shinto, the belief that every object has a spirit, Japanese culture has a notion that a robot is not a tool, but a social agent. Although both Korean and Japanese culture have eastern backgrounds, Nomura et al. [2] showed that Korean people expect functionality while Japanese people expect sociability and emotional interaction toward the robot. Han et al., [12] 's study shows that Japanese people want more sociable, emotional and natural interaction with robots compared to Korean and American cultures. Likewise, According to Lee et al., [15] , Korean people tend to consider a robot more as a tool than other cultures. Although there have been several studies analyzing cultural differences between Korea and Japan in HRI, the studies did not consider if the robots will be likely to be purchased by consumers.
Kwak et al., [9] explored the impact of robot design types on people's intention to purchase the robots but the nationality of participants was limited to Korean. Several studies examined both the effect of the culture and the robot design types on people's perception toward robots, but they only statistically analyzed the fact that there were differences in perception and did not examine the background of the differences by executing qualitative analysis [8] [15] .
Furthermore, the studies above only explored the effect of robot design types by comparing each type of robot itself without considering matching level of robots' functionalities. They overlooked the fact that functions and capabilities of a product could be a key factor when people decide whether to purchase a product. Biologically inspired robots are usually designed to imitate living beings having multifarious functions whereas functionally designed robot is to perform a single task. Thus, in this study, for the robots to have matching level of functions we explored how people perceive robots by comparing two robot groups -a biologically inspired robot and a group of functionally designed robots. The results are expected to be consistent with the previous researches.
The analyses above led to the following hypotheses:
H1. Functionally designed robot would be evaluated as more positive than the biologically inspired robot in Korea.
H2. Functionally designed robot would be evaluated as more useful than the biologically inspired robot in Korea.
H3. Functionally designed robot would be evaluated as more likely to be purchased than the biologically inspired robot in Korea.
H4. Biologically inspired robot would be evaluated as more positive than the functionally designed robot in Japan.
H5. Biologically inspired robot would be evaluated as more useful than the functionally designed robot in Japan.
H6. Biologically inspired robot would be evaluated as more likely to be purchased than the functionally designed robot in Japan.
Study Design
In order to examine the effect of robot design types and cultural aspects, we executed the comparative (robot design types: biologically inspired vs. functionally designed) within-participants experiment in Korea and Japan.
Participants
One hundred and sixty people (80 Koreans, 80 Japanese) aged from 19 to 55 participated in this study.
Materials
Two robot groups were used in this study. In the functionally designed condition, there is a group of functionally designed robots or intelligent products -an intelligent whiteboard, a robotic vacuum cleaner, and a robotic toy box. The intelligent whiteboard erases automatically with an attached eraser bar. The robotic vacuum cleaner cleans the floor automatically. In the biologically inspired condition, humanoid robot Pepper, which is an example of biologically inspired robot, was provided. It uses the existing product -a board eraser, a vacuum cleaner and a toy box, with its life-like appearance and movement as it is shown in Figure 1 
Procedure
The description of each robot group were first shown to the participants, the questionnaire for evaluate product evaluation, product usefulness and purchase intention was administered. Short interviews proceeded after the questionnaire.
Measures
We measured product evaluation by using the four items drawn from Zhao et al., [13] 's study. Product usefulness was measured by using two items drawn from Fink et al., [14] 's study. Purchase intention was measured by two items drawn from Zhao et al., [13] 's study. Participants rated agreement on 7-point scale (1=disagree, 7=agree), standard deviation SD for each group, N=80. The items are described in Table 1 . 
Results
Statistically Analyses
Participants from Korea and Japan evaluated their perception towards two types of robot groups on product evaluation, product usefulness and purchase intention. The results were statistically analyzed using paired t-test. Figure 3 and 4) . H6 was not supported by the data. Japanese participants had a greater tendency to purchase the biologically inspired robot over the functionally designed robots but the difference was not significant in Japan (M Functional = 3.28, SD = 1.46 vs. M Biological = 3.48, SD = 1.68, p = .132).
Interview
Among 80 Korean participants who had a post experimental interview, 57 people were willing to purchase the group of functionally designed robots while only 19 people would like to purchase the humanoid, Pepper. The 57 people who preferred functional robots answered that they felt uncomfortable with a multifunctional humanoid being in charge of every cleaning task especially in kids' room. The fact that functionally designed robots had a possibility to motivate kids to organize their room by themselves led people to have an intention to buy the group of functional robots. They argued that the most of the robot controllability should be owned by humans. On the other hand, 19 people who were willing to purchase the biologically inspired robot, a humanoid Pepper, said they liked the convenience of multi-functionality -by purchasing a single robot, they can use it for various purposes not only for organizing the kids' room. The four people did not show any intention to buy both robot types due to the negative attitudes towards machines or robots in general.
However, 80 Japanese participants had no great tendency to purchase a functionally designed of robot. The 23 people were willing to purchase the group of functionally designed robots whereas 36 people would like to purchase a humanoid robot. The 23 people who preferred to purchase the functionally designed robots liked the fact that kids might have an opportunity to learn how to organize the room. The 36 people were willing to purchase the humanoid Pepper for the robot being fun, friendly and cute. They said that it would be easy to socialize and be better friends with Pepper than the group of functionally designed robots as shown in Figure 5 . 
Conclusion
This study explored the impact of robot design types on product evaluation, product usefulness, and purchase intention by comparing Korean and Japanese cultures. In the experiment, we compared a group of functionally designed robots and a biologically inspired robot. The results showed that Korean participants evaluated the functionally designed robot as more positively than the biologically inspired robot on product evaluation and product usefulness whereas the evaluation of the biologically inspired robot was more positive than the functionally designed robot for Japanese participants. While Korean participants were willing to purchase the functionally designed robot as they perceived it as being positive and useful than the biologically inspired robot, Japanese participants showed no significant difference on purchase intention by the two robot design types. These results suggested that robot designers should consider how robots should be designed but also the cultural differences in order to make better satisfaction for users.
